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00 1. Research Accomplishments qiCl f ILE COPY
Lf The goal of the project is to gain a better understanding of the

molecular bsi-s underlying the voltage dependence of the mitochondrial(.0 chamnel-forming protein, VDAC. This year we have made progress in the
00 following areas:

a) In the previous year we had demonstrated that low levels of modification
of \DAC channels by succinic anhydride converted the channels from weakly
anion to weakly cation selective while elimination their voltage
dependence. Higher levels of modification made the channels much more
cation selective and restored much of the voltage dependence. These
results are nt only consistent with earlier findings that both the
selectivity filter and the sensor are composed of amino groups, but also
point, for the first time, to the conclusion that the nature of the charged
group on the sensor is unimportant. Charge must be present but it need not
be a particular group which sits in a particular site. Indeed, it need not
be a charged group of the same sign! This work is now complete and in
press.

b) Further insight into the nature and location of the voltage sensor has
come from studies into the effects of aqueous forms of aluminum on the
properties of the channels. As little as 5 UM aluminun is solution at pH 7
will markedly reduce the voltage dependence of VDAC. Both the rate and
extent of channel closure is reduced by aluinum addition. Total loss of
voltage drenndence occurs between 10 and 100 uM aluminum. These findings
are not the result of complex non-specific interactions between aluminum
and XDAC. Rather they appear to be the result of specific interaction *

between aluminum and VDAC's voltage sensor. The parameter, n, which is a
measure of the steepness of the voltage dependence and the minimal number
of charges on the sensor, decreases with increasing aluminum concentration.
The voltage needed to close half the channels increases in an antiparallel
fashion. The energy difference between the open and closed states in the
absence of an applied voltage changes very little at the aluminum
concentrations tested. Thus aluminum seems to neutralize the voltage
sensor and therefore eliminates the voltage dependence. It does this
without any effect on the selectivity of the channels. Thus it seems
unlikely that the sensor is located within the pore of the channel. This
also provides strong evidence against the hypothesis that the sensor and
selectivity filter are one and the same. Finally, these results indicate
that VDAC channels may have two sets of charges each operating as a sensor,
one operating at positive potentials and the other at negative potentials.

c) The discovery that polyanions can increase the steepness of the voltage
dependence of VDAC channels has been pursued by studying the activity of
two different classes of polyanions: totally polar and amphipathic. The
former consists of the molec;jles, dextran sulfate and polyaspartic acid,
while for the latter a single molecule was used, a copolymer of styrene,
methacrylate and maleate produced by Tamas Konig. Both classes
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dramatically increase VDAC's voltage dependence but Konig's polyanion works
at. lower coiiceuitrations and can cause channel closure in the absence of an
applied potential. A theory has been developed to explain these
observations. Using this theory and these polyanioIs we may be able to ask
questions about the location and dynamics of the sensor.

d) The kinetics of closure of %DAC channels has yielded rather typical and
expc ted results showing the voltage dependence of the closing rate
constant. However, the voltage-dependence of the kinetics of o-ening are
rather surprising. The rate constant seems almost voltage independent
until zero potential is reac.hed. Once this is crossed, the rate increases
dran-itically. These results are reminiscent of the effect of a magnetic
field on the alignment of atoms of a magnetic mawterial. Further studies
are needed to substantiate and characterize further these surprising
results. These expe-riments are very time-consuming and it is difficult to
obtain results.
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